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I. Introduction



1:—AE—I-AG—I-L

Quark and gluon
orbital ang. mom.
Quark spin
~ 0.1
AG =

— f/I Ag(x

o on &

— Much current activity of the field




See http://spin.riken.bnl.gov/rsc/report/masterspin.pdf
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Measurement of Ag a major emphasis at RHIC



Hard scattering in hadron collisions
9

F=1v jet, pion. W, ...

'p3 do B
poTd’r)

. ('I{UI')I')_’F‘Y | |
mh — dx, dxy fo(xae. 1) folxe, 1
Pr Tordn Z/ b fa(Zas 1) fo(Tb, 1)
; ..lj._é.rf-b—rF_\"; \
X }j)?j’r( (;I:H,PH,._;I:bf)h._f”F,;_z.) + P.C
dprdn |
A
l_ 79 + a,60) 4+ ... perturb.

(for pions, additional fragmentation functions)



=7, jet, pion, W, ...

calculate

measure
— learn about !

Needs: precision — higher orders in QCD perturbation th.
The last step i1s not trivial .



IT. NLO predictions for RHIC



RHIC offers good possibilities to probe Ag :

| Reaction | Dom. partonic process | probes | LO Feynman diagram ‘
pp— T+ X 99 — 99 Ag 3)”" i Jager,Schafer,

[61, 62] 79 — qg } { Stratmann, WV

pp — jet(s) + X Gg — 99 Ag (as above) Jager,Stratmann,WV,
—— ds dabove .

[71. 721 79 = 99 Signer et al.

p—y+X 79 — q Ag :

pp—y+jet+X qG — vq Ag D GOI’dOﬂ,Wy,

. L X - | Ay Ad o Contogouris et al.;

% oo b 76] "= —h o Gordon, Coriano

i — DX, BX GG — G, bb Ag

[77] Stratmann, Bojak

(Drell-Yan) [78, 79, 80]

Weber; Gehrmann;

Z?, 7§— Wt | Aq, A7 Kamal

o — (2°,W*)X 74
pp— (Z20,W*)X 7'q

[78]

—I~

NLO corrections known In all cases .
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Contributions by subprocesses
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Average momentum fractions (from Guzey, Strikman ,WV)
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pp — YX
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¢ A long-standing problem : pp — m X
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...well described by NLO at RHIC ...but data much higher than NLO

at fixed-target energies !

¢ Detailed understanding of this issue is also important for spin physics at RHIC



e Resummation of important higher-order corrections beyond NLO de Florian, WV
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Application to prompt photons: pp — 7X

“direct” contributions:

M
[ |

relatively small resum. effects

(Catani et al.; Sterman, WV;
Kidonakis, Owens)

1
4

“fragmentation” contributions:

M\
| \

a bit like ©° production,
but less gg—gg because
Dy Is smaller




de Florian, WV
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de Florian, WV
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Now to A;, and Ag

* convolutions "pdf x pdf x cr.sec.” relatively complicated.
“inversion” A, — Ag(x) in general not straightforward

* at the moment emphasis is on NLO predictions of

spin asymmetries in terms of “"model” Ag,
to study the sensitivity of the observable

* AAC (Hirai, Kumano, Saito) have made first attempts
to estimate impact of future RHIC data

* future: CTEQ-style “global” analyis of variety
of A, data. Should inlcude NLO.

* alternative approach: “correlations” (y+jet, n+n) that
probe kinematics in more detail
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Rapidity dependence of A, |
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A g/g(x)
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* “correlations”, e.g. in pp — photon+jet+X

@LO z,=2L (e +em) 15 =LL (em 4 om)

* recent study for pp — nnX: L. Bland
_ 3<1,, <pz: %Zfz.*s”oiéyéfsfﬁ?%félw GeV/c * can “dial” X5
Tl * % NLO available in unpol.
2t 7 case (Owens;
2F g Binoth, Guillet, Pilon, Werlen)
1. * pol.soon ...
TR E - Jdger, Owens, Stratmann, WV
N 1* = some of the advantage will
o f o £ ik be lost, but sensitivity is there
H R o | * in any case, good tool for

direct information, small-x



ITI. Technique for
"global analysis”



Prospects of learning from data
relies on our ability to efficiently evaluate

o= fa® f ® Gap
a,b

e need ‘‘global analysis”

— input pdfs at scale pg in terms of ansatz
with free parameters

— evolve to scale u relevant to a data point
— compare to data and assign x? value

— vary parameters and minimize 2

e requires typically 1000's of evaluations of
the cross section

e want o, at order “as high as possible”
— theoretical uncertainties decrease

— but already NLO often numerically
involved and time-consuming



Moments of a function f(z) :
f* = /O dr 2" * f(x)

The Mellin inverse :

1 ‘ o
r) = — dnx” " f" E
/() 21t JCp /

A property : for a convolution,

(fo9)@ = [ Zi=e(%)

(fog)" = fra"




Well-known applications:

e DGLAP evolution of pdfs. For example,

d q(x, p)
dlog u2 1q®q + Fig®g
therefore,
dqg™(p) )
dlogaz ~ Taa®" + Fagg”

e DIS structure functions :

1
| dea" @t = 53005 (A0(@) + AT'(QY) + ...

0 q

Makes Mellin moments ideal for analyses of DIS



e wide class of hadron-hadron cross sections :
single-particle inclusive (or even less incl.)
for instance, prompt photons at

do? d
d a d a\a ) ab ) s 'y

:r:g‘i” =zre’/(2—xpe™")

" =z, zr e /(2 xo—zT €M) (zr = 2pr/V'S)

e only after integration over all n :

do” daﬂ
—_— Z / dﬂ'}a / dﬂ')b fa(wa: “’) fb(mba M) ab (‘TT - ‘TT'/TEITJH ,"L/pT)
de

']’

factorizes under moments,

/c‘*)l dll?% (x%)n lp% j;'; . fan—+—1 fn—l_l (Agb)

(G0)" = [ as ()" 2 k)



General Mellin technique

earlier ideas :

Consider general cross sec. for producing final
state A with observed variable O

do d 1 1 1
= E / dT / dﬂ’:a / diBb / dzc
dO exp—bin amin " Zmin

a,b,c

LO+NLO + ... X fﬂu(mﬁnu'F) fb(mbnu’F) Df(zf'hu’ff‘)

— ~c
dcrab

dOdT(mﬂ-PAa v Pp, P/ ze, T iRy WPy F)

could be anything : pp —» X, ep — jet+ X, ...



Express pdfs by their Mellin inverses :

1 _
fa(fﬁaa#F) — 2—7'['?, C dn manfa,n(uF)
folp, pp) = 1 dm z; " fiy" (1p)

’ 27t JCm, b . Treated as known
here. Method could
be used to determine

dof! 1 / / ff’s: Kretzer, Yokoya
— = dn [ dm f;'(ur) f" (pr)

)2 Z a b
dO (2?‘(‘2) abe C. JC,

. 1 -1 1 /
X / dT/ da:a/ d:cb/ dze "z " Df(zc,, )
exp—bin il " zmn
y dot,
dOdT

= Z/Cdn /c dm f™"(ur) f"(pr) 65 (n,m, O, pr, pr)
ap /G m

(ﬂ?aPA, iL‘bPB ’ PH/ZCJT: MR, LF, iu"F)



Z/dn / dm f*(ur) £ (ur) Goy(n,m, O, g, pr)
ab G Crn

o 51 (n,m,0, g, up) is cross section for

“dummy” pdfs z," x z, ™
e all tedious integrations in /] (n,m, O, ug, )

e Can be pre-calculated on a suitable
grid in n,m

e for optimal contours,
exponential decrease of

L tox, " along contours

e pdfs fall off at least as
fast as 1/|n|*, 1/|m|*

Only n,m integrations left !



Toy analysis: prompt photons at RHIC

e NLO, scales up = purp = pr

vS = 200 GeV, |n| < 0.35, isolated cr. sec.

“ficticious” data points at
pr = 12.5,17.5,22.5,27.5,32.5 GeV
calc. with P random Gaussian 1o shift

fit to DIS and prompt photon “data”
ansatz for gluon density :

Ag(x,po) = Na® (1 —z)P (1 +vz) g(z, uo)

perform large number of fits;
allow for Ax?2 = 4 to obtain “error band”



Accuracy of method: Stratmann, WV

1.1
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Evaluation of cross section extremely fast :
e generation of grids in n, m takes ~ 5 hrs.

e after that :
1000 evaluations of cr. sec. in ~ 10 sec.
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IV. Conclusions



e have solid (and tested!) theoretical framework for
calculations of A | at RHIC

e extraction of Ag will require simultaneous analysis
of varied data sets

e still a lot of work remains to make “global analysis”
work for polarized case



e lepton-nucleon : p — ccX

e can also use high-p7 hadrons

Watson; Glick,Reya, WV
Bojak, Stratmann

HERMES, COMPASS

SMC, HERMES, COMPASS

Bravar, Kotzinian, v. Harrach



(from Guzey, Strikman ,\WV)
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